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Abstract 
The aim of the present study was to evaluate the effect of hearing impairment on connected 
speech understanding ability, using a standardized test (the Connected Speech Reception Test, 
CSRT). Forty normal-hearing and twenty hearing-impaired 7- to 8-year-old 
Cantonese-speaking children participated in the study. Results showed that different hearing 
groups and testing conditions imposed significant effect on test scores. Interaction between 
hearing groups and testing conditions was also significant. It was suggested that the CSRT 
can be used as an assessment tool to evaluate the connected speech understanding ability of 
normal-hearing and hearing-impaired Cantonese-speaking children who are aged 7 to 8 years.  
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Introduction 
 Hearing impairment is defined as the abnormal function of the auditory system (World 
Health Organization, 1980). In Hong Kong, more than 13, 200 people have hearing 
impairment and it is expected the figure would increase in the future (Lian & Poon-McBrayer, 
2002). Among them, 20% to 25% are at school age.  
For years, the sequelae of hearing impairment in school-aged children have been 
investigated. Maxon and Brackett (1987) described the classroom difficulties resulted from 
hearing loss. Due to distortion of hearing sensitivity, children’s opportunities to hear, 
associate and absorb language are reduced. Language skills including lexical, semantic, 
syntactic, phonologic and pragmatic skills become underdeveloped. This brings impact on 
academic performance. Subjects in schools that are language-based are greatly affected. 
Moreover, class participation and interaction with peers and teachers are also reduced.  
Many foreign researchers tried to compare the communication, education and 
psychosocial aspects of hearing-impaired children with that of normal-hearing children. A 
psychosocial evaluation carried out by Davis, Elfenbein, Schum and Bentler (1986) revealed 
that hearing loss adversely affected psycho-educational development in children with mild to 
moderate hearing impairment. This suggested that these children were at risk for language 
and learning problems. Similar findings were shown in children with unilateral hearing loss 
with severity ranged from mild to profound (Lieu, 2004). Although it was considered in the 
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past that unilateral hearing loss would cause little consequences because these children would 
develop appropriately with one normal-hearing ear, they appeared to have more grade failures, 
behavioural problems and need additional educational assistance in the classroom. Even for 
school-age children with minimal sensorineural hearing loss (15-40 dB HL), they do 
experienced more difficulties on educational measures than children with normal hearing 
(Bess, Dodd-Murphy & Parker, 1998). They have greater dysfunction in functional status 
including self-esteem, behaviour, energy and social support. In terms of communication, 
there were discrepancy between these minimally hearing-impaired children and their 
normal-hearing counterparts in the areas of understanding ability, vocabulary, word use skills 
and story-telling abilities. In addition to these findings on school-aged children, delayed 
language development occurs in preschool children (aged 4 to 6 years) with mild, moderate 
or severe hearing impairment (Borg et al., 2002). Borg et al. (2002) concluded that the delay 
is greater in children with more severe hearing losses. Subsequent findings indicated that 
preschool children with hearing loss of 41-80 dB HL were delayed by 1.5 to 2 years in a word 
finding test, and they could not caught up by the age of 6 (Borg, Edquist, Reinholdson, 
Risberg & McAllister, 2007). Therefore, hearing impairment brings a lot of difficulties for 
school-age children.  
The unsatisfactory performance of hearing impaired children in school was caused by 
difficulty in speech understanding in the presence of background noise (Roeser & Downs, 
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2004). Background noise, according to Crandell et al. (1995), is any undesired auditory 
stimuli that compete with what a child wants, or needs, to hear. Sources of background noise 
in the classroom include external, internal and room noises, which refers to noises generated 
from outside the building, inside the building and inside the classroom respectively (Bess & 
McConnell (as cited in Crandell & Smaldino (2000)). Crandell and Smaldino (2000) pointed 
out that background noise in a classroom masks the acoustic and linguistic cues in the 
teacher’s verbal messages, thus reduces students’ speech perception from the teacher. 
Considering the effects of hearing impairment on speech perception, which put the children at 
risk on poor academic performance, measuring the speech perception ability of children with 
hearing impairment become a crucial issue.  
Decades before, pure-tone thresholds were used to predict speech thresholds (Carhart, 
1971). However, Erber (1974) investigated the relationship between pure-tone thresholds and 
spondee-recognition scores in children with hearing impairment aged 8 to 16. He found that 
the two measures did not correlated with each other perfectly. Later, Erber (1980) 
administered an auditory numbers test to children with hearing impairment aged 3 to 8 years. 
He pointed out that the scores, again, did not correlate with pure-tone detection ability. These 
findings suggested the use of speech audiometry to evaluate the speech recognition ability of 
hearing-impaired children. A standardized Cantonese speech audiometry test which used 
monosyllabic word lists as the stimuli was established in for children in Hong Kong (Kei et 
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al., 1991). However, Giolas and Epstein (1963) carried out a research in college students to 
compare the intelligibility of word lists and connected discourse. Results revealed that the 
intelligibility scores of word lists did not provide prognostic information with regard to 
understanding conversational speech. This turned to the suggestion that comprehension of 
connected discourse, which represents speech encountered in everyday situations (Giolas & 
Epstein, 1963), has the highest face validity in estimating the ability to understand 
conversational speech (Kei, Murdoch, Smyth & McPherson, 1997). 
In the literature, the approaches of measuring the ability of understanding connected 
discourse were mainly divided into four types. The first approach was demonstrated by Cox, 
Alexander and Gilmore (1987), when they measured the number of embedded key words in 
sentences repeated correctly in hearing-impaired adults. Speaks, Parker, Harris and Kuhl 
(1972) suggested that this kind of objective measurement might not provide an accurate 
reflection of the level of understanding everyday speech. It is because speech is dynamic and 
contextual, and the conversations between the listeners and the talkers take the form of 
running speech, instead of isolated phonemes or words. The second approach involved 
measuring the number of content-related questions answered correctly. This approach was 
adopted by Giolas and Epstein (1963) on normal-hearing college students and by Kei and 
Smyth (1997) when hearing-impaired Cantonese-speaking children were investigated. In this 
approach, participants were required to extract the meaning from the connected discourse in 
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the procedure in order to get their answers correct. In the third approach, listeners were asked 
to give an intelligibility rating to indicate the proportion of connected speech they understood 
(Cox and McDaniel, 1984; Kei and Smyth, 1996; Kei, Smyth, Murdoch & McPherson, 2000). 
Cienkowski and Speaks (2000) found that adults with hearing impairment preserved the 
ability to rate the intelligibility of connected speech and the results were highly correlated 
with the correct repetition of sentences. Finally, a predictive procedure was used by Kei et al. 
(1997). They intended to predict individual’s ability in understanding connected discourse 
from other speech intelligibility measures (i.e. monosyllabic word lists, lexical tone test, 
sentence test, vowel test and consonant test) and audiometric thresholds. They concluded that 
using a combination of speech and audiometric test results would give a better prediction of 
connected speech understanding. 
Among the mentioned approaches to measure ability of understanding connected 
discourse, some of them were targeted to Cantonese-speaking children in Hong Kong (Kei & 
Smyth, 1996; Kei Smyth, 1997; Kei et al. 1997 &; Kei et al., 2000). According to the results, 
these approaches could reveal statistically significant differences in the ability of 
understanding connected discourse between hearing-impaired and normal-hearing children. 
In addition, significant differences were found across groups with different degree of hearing 
loss and across different noise levels. Therefore, these measurements were sensitive to 
changes in hearing impairment and noise levels. All of these measurements were targeted to 
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Cantonese-speaking children with the age of 11 years or above. To date, there was no 
research to examine connected speech understanding of Cantonese-speaking children 
younger than 11 years old in Hong Kong. However, children younger than the age of 11 were 
in their school age and their connected speech understanding ability should not be neglected.  
 The aim of the current study was to evaluate the effect of hearing impairment on 
connected speech understanding ability of Cantonese speaking children at the age of 7 to 8 
using a standardized test, namely, the Connected Speech Reception Test (CSRT). The 
difference in test performance between children with hearing impairment and children with 
normal hearing could serve as an indicator for the validity of the CSRT. The study 
investigated factors such as background noise and degree of hearing impairment that might 
affect CSRT results. The result of the study will provide a measurement of connected speech 
understanding ability of normal-hearing and hearing-impaired children in the future. In this 
way, appropriate follow-up remediation can be planned for children in need. Based on 
literature review, I predicted that the test scores of the hearing-impaired group would be 
lower than that of the normal-hearing group. Moreover, signal-to-noise ratio would affect the 
test scores of hearing-impaired group in a larger extent than the normal-hearing group. 
Method 
Participants 
A total of 60 children with the age of 7 and 8 were recruited. All of them were studying 
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in mainstream primary schools in Hong Kong with Cantonese as the medium of instruction 
and used Cantonese as a native language. Among the participants, 40 of them were normal in 
hearing, which is defined by having hearing thresholds at octave frequencies from 250 Hz to 
8 kHz better than 25dB HL. The other 20 participants were children with mild, moderate or 
moderately severe hearing loss. The type of hearing loss was either conductive or 
sensorineural. All participants were free from intellectual impairment and other disabilities, 
as reported from a questionnaire provided by their parents. 
Testing Material 
The Connected Speech Reception Test (CSRT) was used as the testing material. It was 
developed and standardized before the study began. The CSRT consisted of eight test 
passages of connected discourse. All of them were presented auditorily to the participants 
with computer animations on a computer screen. The passages were recorded by professional 
voice actors. Animations that are representative of the content of the passages were created, 
so that children being evaluated would not be bored. The test passages described daily 
activities and were created based on observations of the daily activities of children 3 to 6 
years of age, so that the participants in this study (who were aged 7-8) would be familiar with 
these activities. Considering the vocabulary and syntactic level of children within the age 
range of the participants, the dialogues of the passages were constructed by a primary school 
teacher. Each passage lasted for about 30 seconds. As judged by three primary school 
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teachers and an audiologist, the content of the test passages would be understood by children 
with 6 years of age or older. Four content-related questions were created for each test passage. 
The wordings of the questions were presented visually on computer screen and verbally by a 
female voice. Animations were designed in the way that it does not reveal the answers to the 
four questions. This ensured that the answers given by the participants were only based on the 
auditory stimuli they received. The CSRT could meet the criteria of screening procedure for 
children suggested by Hasenstab (1987). 
Inter-list reliability among the eight test passages was ensured. The set of test passages 
for 7- and 8-year-old participants were different. The choice of test passages was based on an 
experiment done before the study. Passages which were too easy or too difficult for normal 
hearing 7- and 8-year-old children respectively were identified and excluded from further 
study. Hence two sets of passages with equal difficulty were generated. An ANOVA with 
repeated measures on the test scores and gender as the independent variable was performed. 
Results showed no significant differences in scores across either the stories or gender (p<0.05) 
in both 7- and 8-year-old groups.  
Audiological Aspects 
 Before carrying out the CSRT, hearing screening was carried out for normal-hearing 
participants to ensure they did not have hearing impairment. Otoscopy and tympanometry 
were carried out to look for any abnormalities in the outer ear, the middle ear and the 
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tympanic membrane. Pure-tone audiometry was conducted. Air conduction at octave 
frequencies from 250 Hz to 8 kHz and bone conduction from 500 Hz to 4 kHz were carried 
out to identify any conductive component of hearing loss. The most updated pure-tone 
averages of each participant with hearing impairment were obtained from the hearing clinic 
they belonged to. The hearing clinic also provided information on the type of hearing loss of 
the participants with hearing impairment. 
Testing conditions 
 The test stimuli were presented to each participant and were fixed at 65 dBA in quiet 
environment with background noise less than 25 dBA. Five signal-to-noise conditions were 
used: +10dB, +5dB, 0dB, -5dB and -10dB.  
Procedures 
 Each participant sat on a chair. All of them were tested individually. They were tested 
monaurally and unaided via headphones. The headphone was connected to a sound box 
which was connected to a laptop computer. The ear being tested was randomized for normal 
participants and participants with bilateral hearing loss. Participants with unilateral hearing 
loss were tested in the poorer ear.  
Participants were asked to look at the screen of the laptop. Training was provided for 
each participant using two training passages at different signal-to-noise conditions: the first 
training passage was presented at a higher signal-to-noise ratio and the second one was 
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presented at a lower signal-to-noise ratio. The purpose of this arrangement was to allow the 
participants to get familiar with the testing procedure and to psychologically prepare that the 
test passages would involve different signal-to-noise ratios. Participants with hearing loss 
greater than 45 dBHL in the test ear were allowed to use the training passages to adjust the 
volume of the stimuli to their comfortable listening levels via the volume knob of the sound 
box. This adjusted level was used as the level for the training and test passages. The 
signal-to-noise ratio did not change despite the adjustment of volume. Instructions were 
verbally given before the presentation of the passages and before the participants gave their 
answers. These instructions were pre-set in the CSRT. To ensure standardization, no extra 
instructions were given by the tester. 
Test passages were different from the training passages. Procedures were the same 
except that no instructions were given in the test passages. During the actual testing, eight 
passages were played across five signal-to-noise conditions. After the presentation of each 
test passage, four content-related questions were shown. Participants were asked to select an 
answer among four choices for each question by clicking the correct answer. A score from 0 
to 4 was generated for each passage, based on the correctness of answers.  
Test-retest reliability 
 Test-retest reliability of the test passages was investigated. There were a total of eight 
test passages. The first five test passages were allocated with the five different testing 
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conditions (signal-to-noise ratio of -10 dB, -5 dB, 0 dB, +5 dB and +10 dB). The last three 
test passages were allocated with three testing conditions repeatedly. These three repeated 
testing conditions were used to evaluate test-retest reliability. The test scores resulted from 
the last three test passages were used to compare with the first five test passages with the 
same testing conditions. In this way, test-retest reliability could be evaluated. 
Results 
The descriptive statistics of normal hearing and hearing impaired children across 
different signal-to-noise ratio are shown in Table 1. 
Table 1. Mean test scores and standard deviation of normal-hearing and hearing-impaired 
groups across five testing conditions (signal-to-noise ratio of -10 dB, -5 dB, 0 dB, +5 dB and 
+10 dB). 
Hearing group 
Mean test scores 
-10 dB -5 dB 0 dB +5 dB +10 dB 
Normal-hearing (N=40)  
           Mean 
           SD 
 
1.72 
1.04 
 
3.40 
0.63 
 
3.55 
0.75 
 
3.90 
0.30 
 
3.75 
0.49 
Hearing-impaired (N=20) 
           Mean 
           SD 
 
1.45 
0.95 
 
2.35 
1.14 
 
2.60 
1.14 
 
3.50 
0.83 
 
3.65 
0.59 
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In general, there are marked differences in the mean test scores between the 
normal-hearing group and the hearing-impaired group in every testing condition. The mean 
test scores increased generally with increasing signal-to-noise ratio for both groups. 
In the current study, two hearing groups (normal-hearing and hearing-impaired) and five 
testing conditions (signal-to-noise ratio of -10 dB, -5 dB, 0 dB, +5 dB and +10 dB) were 
engaged in a mixed design. A two-way mixed analysis of variance (ANOVA) on the test 
scores was applied. From the Mauchly’s test of sphericity, it was found that the assumption 
of sphericity for the repeated measure variable (testing condition) was violated (p<0.05). 
Therefore, the Greenhouse-Geisser test result was considered for the analysis of 
within-subjects effects (Field, 2005). Table 2 shows the results of the 2x5 ANOVA.  
Table 2. Summary of main effects and interaction effect in a two-way analysis of variance of 
test scores. 
Source df F p 
COND 3.16/183.27 69.95 *<0.001 
GROUP 1/58 25.92 *<0.001 
COND x GROUP 3.16/183.27 4.15 *<0.010 
Note. Asterisks indicate statistically significant effect (p<0.05). COND stands for five testing 
conditions (signal-to-noise ratio of -10 dB, -5 dB, 0 dB, +5 dB and +10 dB). GROUP stands 
for hearing groups (normal-hearing and hearing-impaired).  
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As shown in Table 2, there is a significant difference in test scores across hearing groups, 
with normal-hearing participants being higher than hearing-impaired participants. 
Within-subject analysis shows a significant difference in test scores across testing conditions. 
In addition, the interaction between testing condition and hearing group is also significant. 
Interactions of other variables do not reach significance. 
 
Table 3. Summary of difference in test scores of hearing groups in each testing condition 
using t-test for independent samples. 
Testing condition 
(signal-to-noise ratio) 
 
df 
 
t 
 
p 
-10 dB 58 0.996 >0.050 
-5 dB 58 4.608 *<0.001 
0 dB 58 3.866 *<0.001 
+5 dB 58 2.730 *<0.010 
+10 dB 58 0.694 >0.050 
Note. Asterisks indicate statistically significant differences (p<0.05). 
 
To investigate whether the mean test scores of hearing groups were different in each 
testing condition, t-tests for independent samples were performed using hearing group as the 
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independent variable. The results are shown in Table 3. From Table 3, it is shown that the test 
scores of the two hearing groups were significantly different in test conditions with 
signal-to-noise ratio of-5 dB, 0 dB and +5 dB respectively. However, there were no 
significant differences between the hearing groups in test conditions with signal-to-noise ratio 
of -10 dB and +10 dB. 
In view of the significant effect of testing condition, contrasts of testing conditions were 
performed comparing each testing condition with others. These revealed that test scores 
regardless of hearing groups in most of the comparisons of any two of the testing conditions 
were different (p<0.01). However, comparison between -5 dB and 0 dB test conditions and 
between +5 dB and +10 dB test conditions were insignificant (p>0.05). 
In view of significant interaction between testing condition and hearing groups, contrasts 
were performed by comparing the mean test scores for the two hearing groups in different 
testing conditions. Figure 1 represents the interaction between test condition and hearing 
group. It shows that the mean test scores increase with signal-to-noise ratio for both hearing 
groups but the pattern of increase was different between them. As shown from the slopes of 
the graphs, the test scores of the hearing-impaired group increase slower than that of the 
normal-hearing group with increasing signal-to-noise ratio. Moreover, floor effect and ceiling 
effect occurred at testing conditions with signal-to-noise ratios of -10 dB, +5 dB and +10 dB 
respectively.  
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Figure I. Mean test scores for the two hearing groups (normal-hearing and hearing-impaired) 
plotted against test conditions (signal-to-noise ratios of -10 dB, -5 dB, 0 dB, +5dB and +10 
dB). 
Attempts were made to break down the hearing group effect and to investigate whether 
there is any difference in test scores for participants with different severity of hearing loss. 
However, effects of degree of hearing loss cannot be evaluated because the sample size 
(N=20) of hearing-impaired group was too small to be sub-divided into sub-groups according 
to the degree of loss, e.g. mild, moderate and moderately severe. Therefore, the relationship 
between the pure-tone averages of the participants and their corresponding test scores was 
evaluated. A Pearson product-moment correlation analysis was applied on the testing 
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conditions including signal-to-noise ratio of -5 dB and 0 dB. This was based on the fact that 
neither ceiling nor floor effect occurred in these testing conditions. Results showed that 
significant correlation was not found between pure-tone averages and test scores in both 
testing conditions.  
For the investigation of test-retest reliability, Pearson product-moment correlation 
analysis was carried out. Results are shown in Table 4. From Table 4, significant correlations 
are found in testing conditions with signal-to-noise ratios of 0 dB, +5 dB and +10 dB. 
However, such correlation is not found in testing condition with signal-to-noise ratio of -10 
dB and -5 dB. The presence of correlations indicates test-retest reliability. Therefore, 
test-retest reliability exists in testing conditions with signal-to-noise ratios of 0 dB, +5 dB and 
+10 dB. 
Table 4. Pearson correlation of two repeatedly tested scores in the same testing condition. 
Testing conditions (signal-to-noise ratio) Pearson correlation p 
-10 dB 0.336 >0.050 
-5 dB 0.200 >0.050 
0 dB 0.647 *<0.001 
+5 dB 0.760 *<0.001 
+10 dB 0.575 *<0.001 
Note. Asterisks indicate significant correlations. 
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Discussion 
The effect of hearing impairment on connected speech understanding in 
Cantonese-speaking children with the age of 7 and 8 years was evaluated in this study. The 
ability of hearing-impaired children in five different testing conditions (with signal-to-noise 
ratios of -10 dB, -5 dB, 0 dB, +5 dB and +10 dB) was compared with their normal-hearing 
counterparts. The results of the study confirmed the predictions that (1) the test scores of the 
hearing-impaired group would be lower than that of the normal-hearing group and (2) 
signal-to-noise ratio would affect the test scores of hearing-impaired group in a larger extent 
than the normal-hearing group. 
The poor results of the hearing-impaired participants implies that children with hearing 
impairment experience difficulty in understanding connected discourse in everyday life, and 
this difficulty may be explained by their hearing disability. When considering the factor of 
noise on connected speech understanding in these children, this study brings out implications. 
The finding suggests that children with hearing impairment understand poorer than their 
normal-hearing counterparts in environment with signal-to-noise ratios of +5 dB, 0 dB and -5 
dB. However, their ability is as good as their normal-hearing counterparts in environment 
with signal-to-noise ratio of +10 dB. In environment with signal-to-noise ratio of -10 dB, 
both normal-hearing and hearing-impaired children encounter difficulty in understanding 
connected speech. From the finding of significant interaction between hearing group and 
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testing condition, it is concluded that connected speech understanding ability of 
hearing-impaired children deteriorate faster with decreasing signal-to-noise ratio. These 
findings were consistent with previous studies and researches that discussed the negative 
effects of hearing impairment on connected speech understanding ability in the presence of 
background noise (Crandell & Smaldino, 2000, Kei & Smyth, 1996; Kei & Smyth, 1997; Kei 
et al., 1997; Kei et al., 2000; Roeser & Downs, 2004).  
The findings give rise to suggestions on remediation in schools to improve connected 
speech understanding abilities of hearing-impaired children. It is suggested that the 
signal-to-noise ratio should be improved to enhance the connected speech understanding 
ability in noisy environment with signal-to-noise ratio smaller than or equal to +5 dB. 
Considering classroom environment, background noise would give detrimental effects on 
academic performance, reading and spelling skills, concentration, attention and behaviour in 
children, in addition to speech perception ability (Crandell & Smaldino, 2000). Adjusting the 
signal-to-noise ratio may bring significant effect on improving these aspects of 
hearing-impaired children (Lehman & Gratiot (as cited in Crandell & Smaldino, 2000)). 
In previous researches, researchers divided the participants in groups according to their 
degree of hearing loss and looked for differences in performance among the groups. This 
method was not adopted in the current study due to the small sample size that could not be 
subdivided into subgroups according to their degree of hearing loss. From the result, the 
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pure-tone averages of the hearing-impaired children did not significantly correlated with the 
performance of the children in the test. This revealed that pure-tone average may not be a 
good predictor of connected speech understanding ability. Children with high pure-tone 
averages do not necessarily result in poorer connected speech understanding ability than 
those with lower pure-tone averages. This is consistent with the example given in Kei and 
Smyth (1996) who suggested that two children with identical audiograms may demonstrate 
different speech and language abilities. The implication of this finding is that formal 
assessment should be made in order to evaluate the connected speech understanding ability of 
hearing-impaired children instead of estimating their abilities just from their pure-tone 
averages. 
Clinical implications 
As mentioned, the test results were consistent with the findings of other researchers who 
also measured connected speech ability of hearing impaired children. This revealed that the 
CSRT has high external validity. Due to high external validity, it has power to identify 
hearing-impaired children with difficulty of understanding connected speech from 
normal-hearing children. Therefore, it can be used as an assessment tool to evaluate the 
connected speech understanding ability of normal-hearing and hearing-impaired 
Cantonese-speaking children. Being an assessment tool, it may assess children with the 
methodology similar to that was used in this study. The child who receives the assessment 
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will watch and listen to age-appropriate test passages with computer animations and answer 
content-related questions. The test scores generated from different testing conditions in the 
assessment can be compared to the mean test scores of normal-hearing children, so as to find 
out any discrepancy between the child who is being tested and the normal-hearing children. 
This may extend the use of CSRT from research purpose to clinical purpose. It has impact on 
deciding whether further evaluation in language ability should be carried out and whether 
appropriate education measures should be provided. 
Before the test is applied in clinical settings, modifications can be done to enhance the 
effectiveness and efficiency of the test, based on the findings of the study. First, it was found 
that only three (signal-to-noise ratios of -5 dB, 0 dB and +5 dB) out of five of the testing 
conditions gave rise to different performance between the normal-hearing group and the 
hearing-impaired group. Therefore, when applying the CSRT as an assessment tool to 
differentiate connected speech understanding ability of children with or without hearing 
impairment, only testing conditions with signal-to-noise ratios of +5 dB, 0 dB and -5 dB are 
valid. Second, as ceiling effect occurred in testing condition with signal-to-noise ratio of +5 
dB, this signal-to-noise ratio should be excluded. To conclude, only signal-to-noise ratios of 0 
dB and -5 dB should be applied when the CSRT is used clinically. In addition, each of the 
testing conditions should be tested repeatedly for, say, 3 times each, so that 3 sets of test 
scores will be generated. Test-retest reliability of the children can be evaluated. This will not 
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only save time in the screening process but also provide more convincing results of the test. 
Limitations and further investigations 
Test-retest reliability was found only in three of the testing conditions (i.e. 0 dB, +5 dB 
and +10 dB). This may imply that the CSRT is lack of test-retest reliability. However, this 
might also be caused by the arrangement of the test passages. Test passages that were used to 
evaluate test-retest reliability were the last three passages being tested in the CSRT. Children 
might become bored and fatigue towards the end of the test, especially for testing conditions 
with smaller signal-to-noise ratios. Their inattention might have contributed to inconsistent 
performance, which led to lower test-retest reliability. This was one of the limitations of the 
study. 
The internal validity of the study was threatened by other limitations in the subject 
recruitment process. First, due to practical reasons, the female participants in the 
normal-hearing group came from a local primary school which was comparatively superior in 
academic performance and socioeconomic status of family. As a result, the hearing groups in 
this study were not homogeneous in these two aspects. Second, due to administrative 
limitations, some of the participants were tested in sound booths while others were tested in 
household environment. Although the background noise in these environments was lower 
than 25 dBA, there must be discrepancies. Such discrepancies in background noise may result 
in different test performance. Moreover, in the hearing-impaired group there were much 
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fewer participants with conductive hearing loss (N=3) than those with sensorineural hearing 
loss (N=17). However, it is possible that different types of hearing impairment may contribute 
to different levels of connected speech understanding ability.  
Another limitation of the study is that the small sample size in the study hindered the 
evaluation of the effect of degree of hearing loss on connected speech understanding ability. 
According to the findings of Kei et al. (1996), there were significant differences in 
performance among hearing groups with different degree of hearing loss. Further 
investigation in this area can be carried out when the sample size is large enough to be 
divided into groups with different degree of hearing loss.  
Last but not least, hearing-impaired participants were tested without hearing aids in the 
testing procedure. However, in real-life situations when they engage in conversations, they 
may rely on the amplification of their hearing aids to understand messages being conveyed. 
Although adjustments of volume were allowed for participants with pure-tone averages 
greater than 45 dBHL, there was difference in receiving signal between using the amplified 
headphone and the hearing aid they were used to wear. In this respect, the methodology failed 
to reflect the true ability of the participants when wearing hearing aids most of the time. 
Further investigations can be carried out to find out the performance of the hearing-impaired 
children when they are aided. 
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Appendix A 
Details of the Connected Speech Reception Test (CSRT) 
1. Instructions given to participants in the training passages of the CSRT 
Before each training passage starts: 
「陣間你會聽到一個日常生活嘅故事，不過會有啲聲音嘈住你聽。你要留心啲聽喎，
因為陣間會有四條關於個故事嘅問題問返你。你準備好未?」 
After listening to each training passage: 
「陣間你會聽到四條問題，每條問題有四個答案，你要聽哂所有嘅答案先至可以用滑
鼠或者用手指指出正確嘅答案。如果你唔肯定邊個係答案，你要估下喎。揀完答案
之後禁下一題繼續。你準備好未?」 
2. Daily activities described in the test passages 
For 7-year-old participants: 快餐店買食物、買鞋、暑期活動、上美術課、做家務、
買生日禮物、到街市買菜、圖書館 
For 8-year-old participants: 公園、同學傾談、買鞋、去動物園、暑假活動、上美術
課、做家務、到街市買菜 
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Appendix B 
Process of answering a test passage in CSRT 
 
1. Listening to instructions presented auditorily by a female voice 
 
2. Listening to test passages with animations which do not reveal the answers of the questions 
 
3. Choosing a correct answer among four choices by clicking on it 
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Appendix C 
Information of the participants with hearing impairment 
Participant Gender Age Type of hearing 
impairment 
Pure-tone average of 
the ear being tested 
Degree of hearing 
impairment 
1 F 7 Conductive 22 Mild 
2 M 7 Sensorineural 33 Mild 
3 M 7 Sensorineural 38 Mild 
4 M 7 Sensorineural 40 Mild 
5 M 8 Sensorineural 40 Mild 
6 M 7 Sensorineural 42 Moderate 
7 M 8 Sensorineural 42 Moderate 
8 M 8 Sensorineural 42 Moderate 
9 M 7 Sensorineural 43 Moderate 
10 F 8 Sensorineural 45 Moderate 
11 M 8 Conductive 47 Moderate 
12 F 8 Sensorineural 50 Moderate 
13 M 8 Sensorineural 50 Moderate 
14 M 8 Sensorineural 55 Moderate 
15 F 8 Sensorineural 57 Moderately severe 
16 F 7 Sensorineural 60 Moderately severe 
17 M 8 Sensorineural 62 Moderately severe 
18 M 8 Conductive 67 Moderately severe 
19 F 8 Sensorineural 68 Moderately severe 
20 M 8 Sensorineural 68 Moderately severe 
 
 
 
 
 
